Introduction
N-Heterocyclic carbenes (NHCs) and their complexes are nowadays ubiquitous in the areas of catalysis and organometallic chemistry. [1] [2] [3] [4] [5] Most conveniently, they are accessed by deprotonation of azolium salts differing in backbones and substituents. The structural diversity allows certain control over the stereoelectronic properties of the respective NHCs. Thus, detailed knowledge of the properties and preparative routes to these most common precursors is imperative for NHC chemistry. 6 One general synthetic pathway involves double N-alkylation of azoles using electrophiles such as alkyl halides and oxonium salts. In such S N 2 reactions, azolium salts are routinely obtained which contain either different halides (e.g. Cl À , Br À , I À ) or weakly coordinating species (e.g. BF 4 À , PF 6 À ) as counteranions. Many of such compounds are also ionic liquids, and it is well known that anions inuence the physical properties of the salts, e.g. melting point and solubility. Moreover, the inuence of substituents and the heterocyclic backbone on the acidities of azolium salts have also been established. 7, 8 Systematic studies detailing the comparison between different anions of a given cation and their inuences on reactivity and spectroscopic characteristics are surprisingly rare. A recent study suggests that anion effects are negligible in dimethylsulfoxide 8 or in water. 9 However, most NHC chemistry is conducted in organic solvents, and we hypothesize that counteranions could affect the acidity of an azolium cation. For example, we have observed that direct metalation of azolium salts with weakly coordinating anions (e.g. BF 4 À , PF 6 À ) is difficult even under harsh conditions, but with addition of halides the reaction proceeds at ambient temperature. 10, 11 Such anion effects have also been observed in catalysis where the active metal-NHC species is prepared in situ from azolium precursors. Again, halide salts were much more effective than the respective tetrauoroborates, which could be due to their increased acidity facilitating NHC complex formation. 12, 13 As part of our broader research program on NHCs and in contribution to a more detailed understanding of NHC precursors and ionic liquids in general, we herein report a detailed spectroscopic proling on such anion inuences in selected common organic solvents.
In particular, 1,3-diisopropylbenzimidazolium bromide (A) 14 is regularly used in our laboratories to prepare NHC complexes for donor strength determination using the HEP system.
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Using this selected salt as the starting point a series of anion exchange reactions were conducted, which led to 16 new benzimidazolium salts as summarized in Scheme 1.
The preparation of salts B-G was most straightforward, and simply involved exposure of compound A to a slight excess of sodium or potassium salts containing the desired anion at ambient temperature (AT). In general, the comparatively big azolium cations favour larger anions (e.g. PF 6 À ), while small alkali metals form more stable salts with small anions (e.g. halides) due to better interionic interactions (e.g. lattice energy). The precipitation of sodium or potassium bromide from acetone drives these reactions forward. However, the same approach could not be applied for the synthesis of H-K, where silver salts had to be employed instead. The more favourable formation of silver bromide drove anion exchange to completion. More difficult was the synthesis of the acetate L. Reaction of salt A with sodium acetate did not occur, while its treatment with silver(I) acetate led to in situ deprotonation to afford a silver(I)-NHC complex instead. Eventually, salt L could be prepared by prolonged heating species A with zinc(II) acetate in dichloromethane under reux.
The replacement of bromide with lighter halides is difficult (vide supra), and oen require ion-exchange resins. However, such anion exchange can also be achieved by exploiting the solubilities of common salts. This approach was demonstrated in the 2-step preparation of the chloride N. First, the bromide in salt A was precipitated as silver bromide using silver(I) sulfate to afford the bis(benzimidazolium) sulfate M. Subsequently, the sulfate anion can be easily precipitated as barium(II) sulfate using an aqueous solution of barium(II) chloride to give salt N as a hygroscopic solid. The very favourable formation of insoluble barium(II) sulfate drives this reaction.
Finally, the salts O-Q were prepared in a similar manner by reaction of the nitrate H with sodium or potassium salts containing the desired anions.
All salts B-Q were all obtained as white to off-white powders and characterized by NMR spectroscopy. Their formations were conrmed by the signicant shis of the C2-H signals compared to the starting material A. In addition, new NMR signals arising from the newly introduced anions were found for C, D, E, F, J, K, L, P and Q. Apart from the C2-H signals, there were little changes of other 1 starting material A. 14 For salt E, no apparent cation-anion interactions can be found in the solid state molecular structure. Salt F, however, shows short contacts of 2.695(2)Å between the nitrogen of the anion with the C2-H proton of the cation and a C-H/NCS angle of 107.4 (1) . Despite several attempts, it was not possible to crystallize salt N without water, since it is very hygroscopic. Instead, we obtained crystals of the solvate N$H 2 O. Despite the water molecule, hydrogen bonding of the chloride to the C2-H proton with a separation of 2.4982 (7) Hydrogen bonding has been recognized as a main interaction between the cations and anions of azolium salts leading to close arrangement between the counteranions and the most acidic C2-H proton.
19-22
However, this type of interaction can be affected by many factors, such as functional groups attached to the cation as well as solvents and concentrations used for measuring. In order to investigate only anion inuences, all salts in our study contain the same i Pr 2 -bimyH + cation, which bears innocent and inert Nisopropyl substituents. Since azolium salts are notoriously hygroscopic, they were dried under vacuum for a prolonged time (1 day) to remove as much water as possible. The very hygroscopic salt N was dried under vacuum at 120 C for 5
hours. In some cases, complete removal of crystal water was not possible, and the effect of trace water was investigated separately with the parent salt A (vide infra). The dried salts were initially measured in CDCl 3 at room temperature at a concentration of 83 mmol mL À1 , in order to eliminate any other effects that could affect the cation-anion interaction. We anticipate that a stronger hydrogen bond acceptor would also polarize the C2-H bond more, thus slightly increasing the acidity of the salt. As expected, halide anions with four lone pairs of electrons are the best hydrogen bonding acceptors that lead to the most downeld shis of the 1 H C2-H signal The gradual downeld shis from 10.92 (I), 11.42 (Br) to 11.68 ppm (Cl) reects the increasing electronegativity of the halogens in the order of I < Br < Cl.
However, the uoride salt O does not follow this trend with an intermediate 1 H C2-H NMR resonance of 11.10 ppm. In fact, the relative position of the uoride among the halides is not clear and difficult to determine. 23, 24 Intuitively, the highly electronegative and small-sized uoride is thought to be a superior hydrogen bond acceptor. Instead, this study places its hydrogen bonding capability with the i Pr 2 -bimyH + donor in between that of the bromide and iodide anions. Notably, it has been reported that intramolecular hydrogen bonding of 2-halophenols 24, 25 The latter is in agreement with our results. It has been suggested that the highly electronegative uorine holds onto its electron lone pairs so tightly that charge transfer from the non-bonding orbital of uorine (n F ) to the anti-bonding orbital of the C2-H interaction ðs * C2ÀH Þ cannot occur properly at a certain distance. 26 Therefore, the ability to form hydrogen bonding of uoride anion could be reduced compared to its intuitively expected value.
The substitution of other groups with uorine can affect the hydrogen-bonding capability of an anion as well. For example, the acetate anion of L and methanesulfonate anion of P are stronger hydrogen bonding acceptors compared to their uorine-substituted analogues K and J, respectively. The negative inductive (ÀI) effects exerted by the three uorine atoms withdraw electrons and decrease the hydrogen bonding capability of the anions as a whole.
It is also our interest to analyse the different effects of linear triatomic anions, such as SCN À , OCN À and N 3
À
. The inuence of these pseudohalides was anticipated to be very similar, yet they can be differentiated by the 1 H C2-H NMR chemical shis of their salts. For ambivalent species, it has been noted that nitrogen are superior acceptors than oxygen atoms. 27 Sulfur is expected to be a poorer acceptor than oxygen due to its larger size, which weakens interactions with the much smaller hydrogen atoms (cf. Fig. 2 ).
All three anions can be represented by simple resonance structures (taught in classes), which are depicted in Fig. 3 along with the calculated Mulliken charges. The more favourable resonance form of the N 3 À anion contains two negative charges at two terminal nitrogen atoms, which should result in greater ability to form hydrogen bonds. Salt G indeed shows the most downeld 1 H C2-H NMR signal of 10.89 ppm in comparison to its counterparts. The preferred resonance structure for OCN À anion has the negative charge on the oxygen atom with three lone pairs of electrons, which is reected in the Mulliken charge as well. For the SCN À anion, the favourable resonance form places the negative charge on the nitrogen atom with only two lone pairs (cf. Fig. 2) . Therefore, the former is expected to be a slightly better hydrogen bond acceptor. (Fig. 5 ).
As mentioned above, many azolium salts are hygroscopic, and it can be rather difficult to remove all traces of water from the crystal lattice. Thus, we studied the effects of water on the 1 H C2-H NMR chemical shis of salt A as a representative. Fig. 6 depicts the 1 H NMR spectroscopic changes of the bromide salt A in CDCl 3 upon addition of 1-3 equivalents of water. In the presence of one equivalent of water (b), a slightly more upeld NMR signal for the C2-H proton can be noted compared to the water-free sample (a), while all other signals remain essentially unchanged. Addition of another equivalent induces a smaller upeld change, while addition of a third equivalent appears to have little further effect on the C2-H signal. The presence of water reduces interaction of the bromide with the azolium cation. Instead, more favourable and competing bromide-water interactions kick in. As expected, a new signal due to water starts to appear. Interestingly, a second water signal surfaces in spectrum (c), which becomes very apparent in spectrum (d). This observation indicates the presence of unsymmetrical water molecules. It appears that with excess of water only one of the two water hydrogen atoms can efficiently engage in hydrogen bonding giving rise to two well separated signals. Thus, water competes efficiently with the azolium cation for good hydrogenbond acceptors leading to an upeld shi of the C2-H signal. According to the 13 C NMR data listed in Table 1 , the inu-ence of the anions on the C2 carbon signals is less pronounced. This is not entirely surprising since the C2-carbon atom is overall further away and "indirectly" affected by the anion. Nevertheless, salts with strong and moderate hydrogen bond acceptors gave more downeld 13 C C2 NMR signals ranging from 140.3-142.1 ppm, while those with weaker ones resonate at more upeld regions from 138.5-139.2 ppm. Again, the BPh 4 À ion is a special case, since the chemical shi of 139.6 ppm for its salt suggests a stronger acceptor compared to 1 H NMR data.
In addition to NMR studies, we also have also determined the C2-H stretches of the salts by IR spectroscopy. In general, a smaller wavenumber indicates a weaker C-H bond. However, comparison of the relevant data is less conclusive, and a clear trend is absent. IR spectroscopy cannot reveal smaller differences between halides and pseudohalides due to its insufficient resolution. 29 However, one piece of information that can be extracted from the data is that halide salts have notably smaller wavenumbers than their BF 4 À or PF 6 À counterparts, which is within expectations. Notably, the IR data for the BPh 4 À salt appears to be in line with its 13 C NMR data. Finally, four salts A-C and N with common anions (Cl, Br, I and BF 4 ) in NHC chemistry were chosen to study the conductivity of their equimolar solutions in chloroform. Strong ion pairs are expected to have lower conductivity, while solvated ions would give larger values. The chloride (N) and bromide (A) salts showed the lowest conductivity of 1.8 and 2.5 mS cm À1 , respectively, which could reect their tendency to form ion pairs via hydrogen bonds. The salts with the larger iodide and tetrauoroborate anions show conductivities of 5.1 and 4.1 mS cm À1 ,
respectively. It appears that larger anions can interact less efficiently with the small C2-H hydrogen leading to a larger separation of cation and anion in solution. Nevertheless, this study only provides a qualitative argument.
Solvent and anion inuence on chemical shis and 1 J C-H coupling constants
Next, solvent effects on the 1 H and 13 C NMR signals of the C2-H group were studied. Equimolar solutions of nine selected salts A-F, H, I and N in CD 3 CN and DMSO-d 6 as two common polar deuterated solvents were subjected to NMR spectroscopy and the results compared to the data obtained in CDCl 3 . The respective protio-solvents have polarity indexes of 4.1 (chloroform), 5.8 (acetonitrile) and 7.2 (dimethylsulfoxide), respectively. Table 2 inuences are most pronounced. Another striking observation is that the chemical shis for salts C, D and E with weakly coordinating anions are more downeld in DMSO-d 6 than in CDCl 3 . Apparently, these shis are due to hydrogen bonds with the DMSO solvent molecules. This implies that DMSO is a better hydrogen bond acceptor than the BF 4 À , PF 6 À and BPh 4 À anions, but signicantly weaker than the iodide. Consequently, such anion effects cannot be studied in water, which is best known for hydrogen bonds (cf. Fig. 2) . A similar, but less pronounced trend, likely due to the same reasons, is also noted for 13 C C2 NMR signals, which are summarized in Table 3 
H/D exchange reactions
Increased hydrogen-bond acceptor properties of an anion could also better polarize the C2-H bond and therefore increase its acidity, which may be related to the ease of C2-H/D exchange. To test this notion, the ease of C2-H/D exchange of the three salts containing Br À (A), I À (B) and BF 4 À (C) anions was studied in CDCl 3 at ambient temperature with the addition of one equivalent of CD 3 OD as an deuterium source. Salt A exchanges rapidly to give >30% conversion in seconds, aer which the rate drops signicantly (Fig. 7) . Aer 18 hours, 68% H/D exchange was noted for the bromide salt A. The iodide salt B shows an extremely slow H/D exchange leading to only 11% conversion, while almost no H/D exchange was observed for salt C containing BF 4 À as the weakest hydrogen-bond acceptor. The very different reaction proles support an anion inuence on the acidity of azolium salts. Salt N was expected to undergo H/D exchange with ease. However, it is too hygroscopic to be obtained as a completely water-free salt. Attempts to study the exchange using N$H 2 O led to an unexpected outcome. Here the CD 3 OD exchanges rapidly with the initial crystal water instead of the less acidic C2-H proton of the benzimidazolium cation.
Conclusions
We have studied the inuences of various anions on the NMR spectroscopic proles of azolium salts. It was found that the acidic C2-H proton of 1,3-diisopropylbenzimidazolium salts is most sensitive to the nature of the counteranion. The chemical shis of the C2-H protons allows for a ranking of the anions in terms of their hydrogen-bond acceptor properties, whereby better acceptors affect a more downeld resonance, which could be related to a faster H/D exchange. Moreover, it was observed that the C2-H chemical shi differences become signicantly smaller with increasing polarity of the solvent, which competes for hydrogen bonding and thus diminishes the effects of the anions. This study also reveals that the 1 J C2-H coupling constants of the azolium salts are almost anion and solvent independent. Since such salts are ubiquitously used as ionic liquids and NHC precursors for organocatalysis and organometallic chemistry, we believe that a better understanding of their anion inuences will aid in the studies of their potential applications.
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